1 Unprocessed is whole barley; processed is rolled barley.
INTRODUCTION
Microbial biomass produced in the rumen represents an important supply of good quality protein that can promote animal performance (Storm and Ørskov, 1983; Clark et al., 1992) . Different options have been studied to maximize microbial protein synthesis in the rumen and increase animal productivity. The "nutrient synchrony" theory proposed that microbial protein synthesis is optimized by the availability in the rumen of both carbohydrates and nitrogen with simultaneous rates of degradation, in terms of magnitude and extent (Johnson, 1976) .
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Each experimental period lasted 21 d, consisting of a 10-d adaptation period, a 7-d digestibility determination period, and a 4-d rumen evacuation and sampling period. Kids fed with corn had higher purine derivatives (PD) excretion when coupled with SBM compared with HSBM and the opposite occurred with barley-fed kids (P ≤ 0.01). Unprocessed grain offered with SBM led to higher PD excretion than with HSBM whereas protein degradability had no effect when processed grain was fed (P ≤ 0.03). Results of the current experiment with high-concentrate diets showed that microbial N synthesis could be maximized in goat kids by combining slowly fermented grains (corn or unprocessed grains) with a highly degradable protein supplement (SBM). With barley, a more rapidly fermented grain, a greater microbial N synthesis was observed when supplementing a low-degradable protein (HSBM). treatment of protein sources (Chalupa, 1975) . Heating dietary protein creates amino-sugar complexes that are resistant to microbial degradation (Stern et al., 1994) , which then could be digested in the lower gut.
The synchrony theory was studied in dairy cows (Kolver et al., 1998) , beef cattle (Rotger et al., 2006a,b) , dairy sheep (Landau et al., 2005) , and sheep (Sinclair et al., 1993 (Sinclair et al., , 1995 , but results were not unanimous. Discrepancies between studies may be explained in part by differences in feeding behavior (Dulphy et al., 1990) or anatomy of the digestive tract (e.g., size of the reticulo-omasal orifice changing the passage rate of whole grain; Ørskov, 1979) of different ruminant species. Data on nutritional synchrony in caprine animals are scarce. Schmidely et al. (1996) studied the effects of different rates of carbohydrates and nitrogen releases on ruminal fermentation, plasma metabolites, and insulin in dairy goats but they did not report any observations on microbial product supply to the small intestine. The current study was undertaken to evaluate apparent nutrient digestibility, ruminal fermentation, and digestion kinetics in Boer kids fed high-concentrate diets. The hypothesis was that combinations of ingredients optimizing ruminal nutrient synchrony will maximize microbial protein synthesis and N retention by the animal. The specific objective was to evaluate dietary combinations in a factorial arrangement, including grain source, grain processing, and degradability of protein.
MATERIALS AND METHODS

Animals and Diets
Experimental procedures used were in accordance with the Canadian Council on Animal Care (1993) guidelines and were approved by a local committee. Eight male Boer kids (38.2 ± 3.0 kg) fitted with permanent ruminal cannulas were allocated to a split plot 4 × 4 Latin square with grains forming the 2 main plots (squares); kids of the first square were fed grass hay and barley, whereas those of the second square were fed grass hay and corn. Within each square, kids were assigned to a 2 × 2 factorial arrangement of treatments with 2 levels of grain processing and 2 levels of protein degradability (subplots).
Grains (barley or corn) were obtained from a single lot from which half was processed. Barley grain was dry rolled and corn grain was cracked, both in a commercial feed mill following the standard procedures of the industry (Table 1) . The 2 levels of protein degradability were obtained by feeding untreated soybean meal (SBM) or heat-treated soybean meal (HSBM). A single lot of SBM was obtained from which half was left untreated, and the other half was batch heated in a forced-air oven at 150°C for 50 min. This heat treatment was selected to reduce the concentration of soluble protein fractions (A + B1) without affecting the concentration of unavailable protein fraction C (Sniffen et al., 1992) . Diets were formulated according to the Nutrient Requirements of Small Ruminants (NRC, 2007) for an expected ADG of 150 g. Kids were weighed weekly for dietary adjustment and received a known quantity of hand-mixed concentrate according to their BW (Table 2) . Grass hay was fed for ad libitum intake (15% refusals). Concentrate and hay were both offered in 2 equal meals daily at 0800 and 1500 h. Kids were given free access to water and a salt block. Each of the 4 experimental periods consisted of 21 d including 10 d for diet adaptation, 7 d for apparent total tract digestibility determination, and 4 d in which digestion kinetics and passage rate were estimated and rumen fermentation attributes were measured. Kids were housed in individual pens for adaptation and between rumen emptying procedures and then kept in individual metabolism crates during the digestibility determination period. Each morning, orts of hay and concentrates were separately weighed, immediately before morning feeding to determine feed intake. Feed and ort samples were analyzed for DM, ash, NDF, ADF, N, starch, and water-soluble carbohydrates (WSC).
Apparent Nutrient Digestibility, N Balance, and Ruminal Microbial N Synthesis
Kids were kept in individual metabolism crates between d 10 and 17 of each experimental period for total feces and urine collections. Urine was collected in jars containing 30 to 40 mL of 10% H 2 SO 4 to rapidly decrease pH below 3. Urine and feces were weighed and sampled twice daily. Urine samples were stored at -20°C. Feces samples were stored at 4°C and pooled at the end of each period. Composites samples were stored at -20°C for further determination of ash, NDF, ADF, N, and starch.
Rumen evacuations were performed according to Robinson et al. (1987) at 3 different times: d 18 at 1200 h, d 19 at 2200 h, and d 21 at 0300 h. Before rumen evacuation, kids were moved from their pens to metabolism crates. Rumen contents were removed and weighed, and volume was recorded. Rumen samples from each evacuation time were stored at -20°C for further determination of ash, NDF, ADF, N, starch, and WSC. Approximately 300 mL of rumen contents were filtered through 4 layers of cheesecloth, and rumen fluid pH was immediately measured (Oakton pH 10 Series; Oakton Instruments, Vernon Hills, IL). Subsequently, 10-mL rumen fluid aliquots were collected and acidified with 200 μL of 50% H 2 SO 4 for determination of NH 3 -N and VFA. After sampling, the remaining digesta was immediately returned to the rumen. These rumen evacuation procedures took approximately 12 min.
Determination of Indigestible DM and NDF
Indigestible DM and NDF contents were determined as described by Huhtanen and Khalili (1991) . Feed, orts, feces, and ruminal contents were dried at 55°C and ground through a 2-mm sieve with a Thomas Wiley Laboratory Mill (model 4; Arthur H. Thomas Co., Philadelphia, PA). For each sample, 6-g triplicates were weighed into nitrogen-free polyester bags (10 by 20 cm with 50-μm porosity; Ankom Technology, Macedon, NY) for a ratio of sample size to bag surface area of 15 mg/cm 2 (Vanzant et al., 1998) . A total of 115 bags were placed in large mesh bags that allowed free percolation of rumen fluid (Boer et al., 1987) . These bags were suspended in the rumen of a Holstein lactating cow fitted with a ruminal cannula and fed a total mixed ration (DM basis) of 5% hay (grasses), 26% haylage (mixed grasses and legumes), 26% corn silage, 27% corn, 10% SBM, and 6% of a commercial supplement containing mineral and vitamin premix. After 264 h of incubation, bags were machine washed in cold water until the water came clear (5 cycles of 6 min each) and oven dried at 55°C for 72 h. Bags were weighed to calculate DM disappearance and residues were considered to be rumen indigestible. Residues were pooled, ground through a 1-mm sieve with a Thomas Wiley Laboratory Mill (model 4; Arthur H. Thomas Co.), and analyzed for NDF.
Chemical Analyses and Particle Size Distribution
Individual samples of feed and orts were oven dried at 55°C for 72 h, and fecal and ruminal samples were lyophilized to determine their DM content. Feed, ort, fecal, and ruminal dried samples were analyzed for ash content with a Thermogravimetric Analyzer (Leco TGA-601; LECO Corp., St. Joseph, MI). The NDF (using sodium sulfite and heat-stable α-amylase) and ADF concentrations were determined using the Ankom200 Fiber Analyzer (Ankom Technology) according to Van Soest et al. (1991) . Feed, orts, feces, urine, and ruminal samples were analyzed for N using the micro-Kjeldahl procedure (method 998.05; AOAC, 1990) with a Kjeltec 2400/2460 Auto sampler system (FOSS Analytical, Hillerød, Denmark). The protein fractions of the Cornell Net Carbohydrate and Protein System (CNCPS) were determined on pooled samples of SBM and HSBM according to Licitra et al. (1996) . Feed, orts, feces, and ruminal samples were analyzed for starch concentration using ethanol/water (80:20, vol/vol) extraction solution and heat gelatinization (Hall et al., 2001 ). Concentrations of WSC in feed, orts, and rumen contents were determined according to Dubois et al. (1956) .
Urine samples were thawed and pooled by period. Purine derivatives (PD; allantoin, uric acid, xanthine, and hypoxantine) in urine were measured as described by Chen and Gomes (1992) . Samples of rumen liquid were thawed at room temperature and centrifuged (25,200 × g for 15 min at 4°C), and the supernatant was analyzed for NH 3 -N using a Milton Roy Spectronic 1201 spectrophotometer (Milton Roy Company, Miami, FL) at 630 nm and analyzed for VFA using an Agilent HPLC system (Agilent 1200 Series; Agilent Technologies, Santa Clara, CA) according to Hassanat et al. (2013) .
Particles size distributions of unprocessed or processed corn or barley were measured by dry sieving using 100-g samples placed on the top of a series of sieves with mesh apertures of 4, 2, 1, and 0.425 mm followed by a pan (W. S. Tyler, Inc., Mentor, OH). The series of sieves and pan were placed on a vertical oscillating sieve shaker for 15 min (CSC Meinzer II Sieve Shaker; CSC Scientific Company, Inc., Fairfax, VA). Particles retained on each sieve and in the pan were weighed, and proportions of total weight were calculated.
Calculations and Statistical Analysis
Ruminal pool size of OM, NDF, ADF, N, starch, and WSC was calculated by multiplying the concentration of each component by the ruminal digesta DM weight. Potentially digestible NDF (dNDF) and digestible DM (dDM) were calculated as the difference between NDF and indigestible NDF (iNDF) and between DM and indigestible DM (iDM). Rate of intake, rate of passage, and rate of digestion were calculated according to Robinson et al. (1987) . Rumen residence time (RRT) was calculated as described by Huhtanen and Khalili (1991) . Urinary excretion of PD was used for the estimation of ruminal microbial N synthesis using the model of Chen and Gomes (1992) .
The experimental design was a split-plot Latin square with grain source forming the main plots (squares) and grain processing and SBM treatments in factorial arrangement forming the subplots. Data for intake, N metabolism, PD, rumen mass, and rumen and fecal dDM, iDM, dNDF, and iNDF were expressed as metabolic BW function (kg BW 0.75 ) using actual BW recorded before each measurement period and were analyzed using MIXED procedure of SAS (version 9.2; SAS Inst. Inc., Cary, NC). The statistical model included the fixed effects of grain, grain processing, and protein degradability, all interactions, and period and the random effect of kid within grain. Multiple interactions (grain × grain processing × protein degradability) are reported when significant. Data for apparent digestibility; N digested; N retained and losses in proportion of N intake; N retained in proportion of N digested and in proportion of DMI per kilogram BW 0.75 ; ruminal fermentation variables; rate of passage; rate of digestion; RRT; rumen ingesta and feces DM; and NDF degradability were analyzed using the same model with initial BW as a covariate. Values presented are least squares means; significant difference was declared at P ≤ 0.05, and trends were discussed at 0.05 < P < 0.10.
RESULTS
Chemical analysis and physical assessment of dietary ingredients are presented in Table 1 . Particle size distribution was modified by processing treatments. There was about 50% more grain retained on the 4-mm sieve and fewer small particles (<1 mm) when barley was dry rolled compared with wholegrain barley. Processing corn decreased the proportion of particles of more than 4 mm but increased the proportions of other particles fractions. Heat treatment of SBM modified its protein fractions, as expressed according to the CNCPS model. The HSBM contained 44% less soluble protein fractions (A + B1) and an equal amount of the C fraction compared with SBM.
Hay intake was not different between treatments; barley-fed kids tended to ingest more concentrate and DM than those receiving corn (P ≤ 0.09), and barleyfed kids ingested more NDF, ADF, and WSC than corn-fed kids (P < 0.01; Table 3 ). However, kids fed corn had a greater ingestion of starch than barley-fed kids (24.5 vs. 18.3 g/kg BW 0.75 ; P < 0.01). Concentrate and starch intake were significantly greater (P ≤ 0.05), whereas intake of DM and OM tended (P = 0.06) to be greater for kids fed SBM compared with those fed HSBM.
Kids fed the barley-based diet ingested more N (1.64 vs. 1.51 g/kg BW 0.75 ; P = 0.03), tended to lose more N in urine (0.75 vs. 0.61 g/kg BW 0.75 ; P = 0.09), and digested more N (1.30 vs. 1.19 g/kg BW 0.75 ; P = 0.03) than corn-fed kids (Table 4) . Barley-fed kids tended to retain less N compared with corn-fed kids (0.55 vs. 0.72 g//(kg DMI • kg BW 0.75 ; P ≤ 0.06). Kids fed SBM had greater N intake (1.62 vs. 1.53 g/kg BW 0.75 ; P = 0.04) and higher losses of N in urine (0.71 vs. 0.65 g/kg BW 0.75 ; P = 0.05) and tended to digest more N (1.28 vs. 1.22 g/kg BW 0.75 ; P = 0.06) compared with those fed HSBM. There was an interaction, or a tendency for an interaction, between grain processing and protein degradability for 6 variables (effect of grain processing [GP] × effect of protein degradability [DP]). Kids fed processed grains were not affected by protein degradability, whereas those fed unprocessed grains with HSBM, compared with SBM, tended to decrease N losses in urine (0.66 vs. 0.72 g/kg BW 0.75 [P < 0.07] and 42.2 vs. 44.1% N intake [P < 0.10]). Consequently, total N losses (63.0 vs. 64.9% N intake; P < 0.04) were lower and N retained 1) as a percentage of N intake (38.4 vs. 33.5%; P < 0.04), 2) as a percentage of N digested (48.4 vs. 42.3%; P = 0.05), and 3) in function of DMI (0.66 vs. 0.63 g/(kg DMI • kg BW 0.75 ; P < 0.06) was higher for kids fed unprocessed grain with HSBM compared with SBM.
Ruminal environment variables are presented in Table 5 . Barley-fed kids produced more total VFA than corn-fed kids (P = 0.05). Rumen pH was not affected when kids were fed with unprocessed grains irrespective of protein degradability, whereas it tended to decrease with SBM when kids were fed processed grains (GP × DP; P < 0.06).
Hypoxanthine production was increased (121 vs. 80 μmol/kg BW 0.75 ; P < 0.01) and PD excretion tended to be higher (13.97 vs. 11.62 mmol/[g N intake • kg BW 0.75 ]; P ≤ 0.06) with barley-based diets compared with corn-based diets ( ) and microbial N synthesis compared with HSBM whereas protein degradability had no effect when processed grain was fed (GP × DP; P ≤ 0.03). Concerning digestion kinetics, NDF rumen mass was greater (14.72 vs. 12.23 g/kg BW 0.75 ; P < 0.04; Table 7 ) and ADF rate of digestion tended to be greater (1.55 vs. 1.01%/h; P = 0.06) for barley-fed kids than for corn-fed kids. Also, DM, OM and NDF content tended to be higher when processed grain was offered to kids along with SBM compared with when processed grain was offered to kids along with HSBM but not with unprocessed grain (GP × DP; P < 0.09). Similarly, rate of digestion of DM and OM tended to be higher (GP × DP; P < 0.06) with processed grain and HSBM compared with processed grain and SBM whereas protein degradability had no effect when unprocessed grain was offered. Rumen residence time of NDF and dNDF tended to be longer with the unprocessed grain and HSBM mixture compared with the unprocessed grain and SBM mixture, whereas the opposite effect was observed when kids received processed grain (GP × DP; P < 0.09).
Rumen ingesta and feces content of iDM were greater (P < 0.01) for barley-fed kids than for corn-fed kids (7.03 vs. 4.75, 4.35 vs. 2.67 g/kg BW 0.75 , respectively), leading to a significantly lower (P < 0.02) rumen ingesta and feces DM degradability (81.3 vs. 87.7% and 65.9 vs. 76.3%, respectively; Table 8 ). Similarly, iNDF contents in rumen ingesta (5.80 vs. 3.79 g/kg BW 0.75 ; P < 0.01) and feces (3.11 vs. 1.65 g/kg BW 0.75 ) were higher for barley-fed kids compared with corn-fed kids. Consequently, feces NDF degradability was higher (71.1 vs. 58.7%; P = 0.01) and rumen ingesta NDF degradability tended to be higher (69.1 vs. 61.3%; P = 0.07) for kids fed corn compared with kids fed barley. Kids fed SBM had higher rumen ingesta dDM content (33.31 vs. 30.24 g/kg BW 0.75 ; P < 0.03) and feces (9.04 vs. 7.99 g/kg BW 0.75 ; P < 0.02) than those fed HSBM. Unprocessed grain fed with SBM compared with unprocessed grain fed with HSBM decreased rumen ingesta iDM and tended to decreased rumen ingesta iNDF, which resulted in a higher rumen ingesta DM degradability whereas no effect of protein degradability was observed with processed grain (GP × DP; P ≤ 0.06).
DISCUSSION
In the current experiment with high-concentrate diets, few significant multiple interactions (grain source × grain processing × protein degradability) were observed. Being limited to few parameters (i.e., ruminal NH 3 -N, 2 SBM is solvent-extracted soybean meal; HSBM is soybean meal heat treated at 150°C for 50 min.
3 Unprocessed is whole corn; processed is cracked corn.
urinary xanthine, and total PD excretion), these interactions could be considered of low biological significance.
Grain Sources
More barley than corn was offered to meet NRC (2007) energy requirements for growing kids. As a consequence, greater intakes of N, NDF, ADF, and WSC and the tendencies for greater intakes of concentrate and DM were observed for barley-fed kids than for corn-fed kids. Higher contents of NDF, ADF, and WSC in barley can also account for the greater intakes of those feed constituents by barley-fed kids. Conversely, greater starch concentration in corn compared with barley (78.1 vs. 51.0%) translated into a greater intake of starch for cornfed kids, despite lower concentrate intake. The higher amount of digested N for barley-fed kids was related to higher N intake, with no difference in fecal N output for this group. Dijkstra et al. (2013) demonstrated that higher N intake increased N losses in urine compared with feces. Moreover, increasing postruminal energy supply is known to reduce N losses (Dijkstra et al., 2013) , which is expected to increase N retention. In the present study, higher N retained in regards to DMI for corn-fed kids compared with barley-fed kids was observed.
Greater production of VFA and excretion of hypoxantine with barley were possibly an effect of higher intake of kids. An increase in rumen VFA production with barley compared with corn was also observed by Oltjen et al. (1967) . The prolamin matrix surrounding starch granules in corn is more resistant to microbial digestion than barley matrix (McAllister et al., 1990) , which could limit fermentation and, consequently, VFA production.
Higher NDF rumen mass observed with barley might be related to the higher intake with this treatment compared with corn. Furthermore, barley-fed kids ingested more ADF and tended to ingest more DM but ended with similar rumen mass and digestibility for these components. These conditions should lead to higher rates of passage (Grovum and Williams, 1977; Huhtanen and Kukkonen, 1995) , which was not observed in our study with highconcentrate diets. As an explanation, digestion rate of NDF was higher for barley-fed kids compared with cornfed kids. Indeed, Herrera-Saldana et al. (1990) determined that degradability was higher for barley than corn.
Degradability of DM and NDF of rumen ingesta ranged from 80.0 to 89.6% and 59.3 to 73.0%, respectively. The same parameters in feces ranged from 63.8 to 83.0% for DM and 55.6 to 74.2% for NDF. Our values with goat kids fed high-concentrate diets are in the same range as those reported by Huhtanen and Khalili (1991) in dairy cows. Indigestible DM and iNDF of rumen ingesta and feces were higher in barley-fed kids compared with corn-fed kids, which is in accordance with the lower degradability of DM and NDF of rumen ingesta and feces of barley-fed kids. Barley contains more than twice the level of iNDF found in corn (Krämer et al., 2012) .
Grain Source × Protein Degradability
The effect of protein degradability on microbial N synthesis seemed to be influence by grain source. When corn was offered with SBM, the excretion of PD (mmol/[kg RDOM • kg BW 0.75 ]) was higher than when corn was offered with HSBM, whereas the opposite was observed when kids were fed barley. Matras et al. (1991), working with sheep, reported an interaction between different grain (barley vs. sorghum) and protein degradability (different mixture of varied proportion of urea, blood meal, and corn gluten meal) for PD production. They explained that ammonia release was possibly too slow for sorghum and too fast for barley under the condition of their study. They concluded that there was a benefit to using grain and protein sources with similar degradation rates. Seo et al. (2010) showed significantly higher microbial N synthesis and Aldrich et al. (1993) observed higher passage of microbial N with synchronized compared with unsynchronized diets. On the contrary, Casper et al. (1999) , with dairy cattle, and Rotger et al. (2006a) , with beef cattle, reported no interaction between carbohydrate sources and protein degradability on microbial N production.
Grain Processing × Protein Degradability
Nitrogen balance, PD excretion, rumen kinetics, and rumen ingesta degradability tended to or were significantly different depending on grain processing and protein degradability combination. Rumen mass of DM, OM, and NDF were higher with processed grain and SBM compared with processed grain and HSBM, whereas they were similar with unprocessed grain. In the present study, SBM contained almost twice the level of A + B1 protein subfractions than HSBM (154.0 vs. 87.4 mg/g N). Nonprotein N and the true protein fraction that is rapidly degradable will be used by bacteria for protein synthesis (Johnson, 1976) if there is sufficient carbohydrates available in the rumen. Processed grains with SBM led to higher levels of readily fermentable substrates in rumen of kids that may have negatively modified the ruminal environment and impaired OM digestion. Indeed, processing grains increases ruminal flora access to starch (Hale, 1973) . Greater accessibility and fermentation could explain the lower pH of rumen fluid (Aldrich et al., 1993) . In fact, pH tended to be lower when processed grains were offered with SBM (5.84) compared with HSBM (5.97). Kids fed unprocessed grains had similar pH irrespective of protein degradability, with an average of 5.91. A limit of 5.8 in ruminal pH is considered critical for cellulolytic bacteria number and activity (Russell and Wilson, 1996) . Ruminal pH observed with processed grains and SBM are close to this limit, which may explain higher rumen mass of DM, OM, and NDF with this treatment. Rumination time of whole grains is twice as long as processed grains, positively impacting the ruminal environment in sheep (Ørskov, 1976) . With unprocessed grains and SBM, fermentable material will have to be Table 6 . Effects of grain source (barley vs. corn), grain processing (unprocessed vs. processed), and protein degradability [untreated soybean meal (SBM) vs. heat-treated soybean meal (HSBM)] on rumen digestible OM (RDOM) intake, purine derivatives (PD) excretion and microbial N yield in kids fed concentrate-based diets 2 SBM is solvent-extracted soybean meal; HSBM is soybean meal heat treated at 150°C for 50 min.
4 GS = effect of grain source; GP = effect of grain processing; DP = effect of protein degradability; GS × GP = interaction between grain source and grain processing; GS × DP = interaction between grain source and protein degradability; GP × DP = interaction between grain processing and protein degradability.
5 GS × GP × DP = interaction between grain source, grain processing, and protein degradability (P = 0.049).
6 GS × GP × DP (P = 0.051).
7 GS × GP × DP (P = 0.054).
8 GS × GP × DP (P = 0.028).
processed (by mastication) by the goat to be fermented, and rumen pH will be buffered by saliva produced through rumination. Consequently, negative effects of processed grain with SBM that occurred in the rumen possibly decreased rate of digestion of DM and OM and also passage rate of dNDF because of the deleterious effect of low pH on cellulolytic bacteria. Also, lower availability of nutrients with unprocessed grain and HSBM compared with processed grain could explain longer RRT of NDF and dNDF in rumen whereas RRT were similar for processed grain regardless of protein degradability and for unprocessed grain with SBM.
In kids fed unprocessed grain, N losses were higher and, consequently, N retained was lower with SBM compared with HSBM. As mentioned before, a portion of N from SBM was probably wasted because of a shortage of energy from carbohydrates due to the lower rate of degradation with processed grain compared with 2 Unprocessed is whole barley; processed is rolled barley.
3 SBM is solvent-extracted soybean meal; HSBM is soybean meal heat treated at 150°C for 50 min. 4 Unprocessed is whole corn; processed is cracked corn.
unprocessed grain. Main effect of protein degradability revealed greater concentrate and N intake for SBMfed kids compared with HSBM-fed kids and probably caused higher N losses in urine but no difference in fecal N contents, leading to higher N digested. However, those results were not expected because studies with goats reported that protein degradability had no effect on intake (Sahlu et al., 1992; Hadjipanayiotou and Photiou, 1995; Soto-Navarro et al., 2003) . Kiran and Mutsvangwa (2007) found no interaction between grain processing (dry rolled vs. pelleted) and protein degradability (changing inclusion levels of urea, canola meal, and corn gluten meal in concentrate) on N metabolism in growing lambs. On the contrary, Pattanaik et al. (2003) , working with calves fed processed grain, reported greater N retained with low compared with high levels of degradable protein. In the present study, higher values for N retained were observed with unprocessed grain coupled with HSBM. When served with unprocessed grain, the possible excess of N in the rumen, related to SBM, that led to higher losses in urine and less N retained did not impair bacteria production. Rumination of unprocessed grain, leading to favorable conditions in the rumen toward bacteria and availability of nutrients, probably explains higher PD excretion with unprocessed grain and SBM compared with unprocessed grain and HSBM, whereas similar excretion with processed grain irrespective of protein degradability was observed.
Rumen ingesta DM degradability tended to be higher in kids fed unprocessed grain with SBM compared with kids fed unprocessed grain with HSBM. Indeed, higher content of iDM and iNDF with HSBM negatively impacted rumen ingesta DM degradability. Less degradable protein with HSBM reduced fermentation in the rumen, as suggested by the increase of NDF and dNDF RRT. However, there were no differences observed in feces degradability and whole tract apparent digestibility of all nutrients regardless of protein degradability and grain processing. Indeed, digestion probably occurred in higher proportion in the lower gut with rations containing HSBM, as previously observed by Coomer et al. (1993) .
Conclusion
Grain source effects on nutrient intake and N balance were a consequence of a greater intake for barleyfed kids compared with corn-fed kids. Excretion of PD was higher when corn (slowest fermented grain) was offered with SBM (highest soluble protein fraction content) compared with HSBM (lowest soluble protein fraction content). With barley (fastest fermented grain), PD excretion was higher with HSBM compared with SBM. Protein degradability interacted with grain source but also with grain processing in relation to PD excretion and rumen kinetics. Efficiency of chewing during eating and rumination of unprocessed grain, which 2 Unprocessed is whole barley; processed is rolled barley.
3 SBM is solvent-extracted soybean meal; HSBM is soybean meal heat treated at 150°C for 50 min.
4 Unprocessed is whole corn; processed is cracked corn.
probably favored rumen environment, coupled with SBM led to a higher PD excretion than with HSBM, whereas excretion levels were similar with processed grain regardless of protein degradability.
